Abstract. Non linear absorption is a non linear optical property which can be observed with large photon intensities and corresponds to instantaneous or sequential absorption of more than one photon. Highly polarisable molecules show high non linear optical activity and in the following it will be presented the multiphoton absorption properties of tetramethyltetratiafulvalene (TMTTF), its radical cation and pristine and soluble single wall carbon nanotubes (SWNT). One finds that excited two photon absorptions are active for nanosecond laser pulses at 532 nm with very large absorption cross sections.
INTRODUCTION
Molecules which show multiphoton absorption are actively investigated because of their possible applications. In particular two-photon absorbing systems have been used for applications like biomedical imaging [1] , two-photon pumped lasing [2] , optical power limiting [3] , 3-D optical data storage [4] and photodynamic therapy [5] . These molecules are usually highly polarisable heteronuclear conjugated systems. Molecular structures usually considered for organic molecular metals belong to this type of systems but their non linear optical properties have been poorly investigated. Here we will show some non linear transmittance (NLT) measurements of TMTTF and its radical cation. Other very interesting molecules which are at the focus of an intense research for nanotechnology applications are carbon nanotubes. In this case the poor selectivity of the synthesis in producing single types of carbon nanotubes and the difficulty of obtaining homogeneous solutions of the pristine materials prevented an accurate study of these systems. Here we report some of our NLT measurements of HiPco SWNT [6] and of soluble HiPco SWNT obtained by their functionalisation with polyethyleneglycol (PEG) chains [7] .
EXPERIMENTAL RESULTS AND MODELS
The measurements that we present have been obtained with nanosecond pulses at 532 nm, the duplicated frequency of a Nd:YAG laser. Nanosecond pulses are usually long pulses which allow one to investigate the manifold of excited states by efficiently populating the states. This is the main reason of the larger non linear responses observed with these pulses with respect to what is found with shorter pulses in the pico-or femto-second time scales. And for this reason the dynamic of the excited states must be carefully evaluated in the different time scales because they may differ substantially.
Figure 1(a) shows the non linear behaviour of a CS 2 solution of TMTTF. Above 2.0·10 25 photons cm -2 s -1 one observes a non linear transmission which continues down to 10% where decomposition of the sample is observed. Pump and probe experiments with the same laser pulses show that there is an excited state with a long life (some hundred of nanoseconds) whose spectrum is very similar to that of JOURNAL DE PHYSIQUE IV 116 (a) the radical molecule. Furthermore one observes that the molecule absorbs at 532 nm. On this basis one can guess a model in which the first event is a linear absorption and then, after an excited state excitation, there is the formation of the radical molecule. By making different hypothesis one finds that the best fitting is obtained considering that after the first linear excitation, the first exited state of the neutral molecule shows an excited state two photon absorption (ES-TPA). On the other hand the measurements at very high intensity can be fitted by considering that also the radical absorbs sequentially one and then at least two-photons. The fitting is presented in Fig. 1(a) . The interesting result is that the cross sections for the ES-TPA are very high, of the order of 10 -40 -10 -43 cm 4 s ph -1 mol -1 , namely 10 3 -10 6 times the highest values observed for the twophoton absorptions from the ground states.
A similar result is found for TMTTF radical solution in CH 3 CN. In this case after the first onephoton excitation a three photon excitation with very high cross section follows. mol -1 allows the fitting of the experimental data. The same behaviour but with a lower non linear threshold has been found for the soluble HiPco SWNT-PEG in CHCl 3 . The lower threshold and the overall behaviour has been interpreted on the basis of the same model but with longer excited states lifetimes, which is indicative of lower aggregations of the nanotubes as expected for the PEG derivative.
CONCLUSIONS
The non linear transmission data of TMTTF and its radical cation show that these molecules display a very high non linear optical acitivity with very high cross section for excited state multiphoton absorptions. The same is found for SWNT and in the case of its soluble PEG derivative one also finds a lower non linear threshold.
